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(57) A surgical apparatus for making an incision in a
biological tissue according to the present disclosure in-
cludes a hand piece including a loop-type electrode part
and a generator configured to transmit electrical energy
to the electrode part, wherein the generator applies elec-
tric-field pulse waveforms made of two consecutive pulse
groups to the electrode part, the two consecutive pulse
groups include a first pulse group and a second pulse
group, each pulse group includes mini-pulses, a peak
voltage of the first pulse group is less than a peak voltage
of the second pulse group, and a duration of the first
pulse group is longer than a duration of the second pulse
group.
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Description

Technical Field of the Invention

[0001] The present disclosure relates to a capsulotomy
apparatus, a surgical apparatus, and a method for ap-
plying an electric pulse thereto, and more particularly, to
a capsulotomy apparatus, a surgical apparatus, and a
method for applying an electric pulse thereto for making
an incision in tissue using resistive heat or plasma that
is caused by electrical energy applied to a cutting elec-
trode.

Discussion of Related Art

[0002] Making an incision in biological tissue using a
cutting electrode that receives energy from a power
source is a technique that is being successfully em-
ployed, e.g., in the field of electrosurgery. Typical elec-
trosurgical devices apply an electrical potential differ-
ence or a voltage difference between a cutting electrode
and a patient’s grounded body (monopolar arrangement)
or between a cutting electrode and a return electrode
(bipolar arrangement) to deliver electrical energy to tis-
sue.
[0003] A cut-off voltage is applied either as a continu-
ous train of high frequency pulses, typically in the radio
frequency (RF) range, or as direct current (DC). Depend-
ing on the conditions, the application of a voltage to a
monopolar electrode or between the cutting electrode
and return electrode of a bipolar electrode produces a
number of physical phenomena.
[0004] Most related art devices use one of these phe-
nomena to perform the cut. For example, U.S. Pat. No.
5,088,997 also teaches the use of a stream of gas for
coagulating or cutting biological tissue.
[0005] U.S. Pat. No. 6,352,535 discloses a method and
device for electro microsurgery that uses high voltage
electrical discharges of sub-microsecond duration in a
physiological electrolyte environment to produce cavita-
tion bubbles. U.S. Pat. No. 6,364,877 also describes the
use of high frequency pulses applied in a continuous
manner. U.S. Pat. Nos. 5,697,090 and 5,766,153 sug-
gest a configuration in which a continuous train of high
frequency pulses is pulsed at a rate sufficient to cool the
electrode.
[0006] Most electrosurgical devices described above
rely on a gas jet, an arc discharge, or cavitation bubbles
to cut, coagulate, or ablate tissue.
[0007] However, the electrosurgical methods and de-
vices of the related art documents generally have diffi-
culty in controlling the depth of tissue damage (necrosis)
or the direction in the tissue being treated. Such impre-
cise cutting methods cause tissue necrosis extending up
to 1,700 mm into surrounding tissue in some cases.
[0008] In particular, in the case of ophthalmic surgery
such as cataract surgery, incision control is more impor-
tant in that the tissue itself is very soft and cavitation

bubble production and plasma discharge should not
cause damage to be transmitted to the tissue surrounding
the incision.
[0009] A cataract is a disease in which, due to opacity
in the crystalline lens, light is unable to pass through the
crystalline lens and thus an object appears blurred. Re-
ferring to FIG. 1, an eye (1) consists of a cornea (10), a
crystalline lens (20), a crystalline lens capsule (30), an
iris (40), a sclera (50), and the like. The cornea (10) is
formed to surround the outside of the sclera (50) and is
made of a transparent, avascular tissue to refract light,
and the crystalline lens (20) is colorless and transparent
and serves as a lens of a camera.
[0010] According to a widely known method of cataract
surgery, an incision is made in the crystalline lens capsule
surrounding the crystalline lens to fragment the crystal-
line lens located therein, and then, simultaneously, the
fragmented crystalline lens is suctioned and discharged
to the outside and an artificial crystalline lens is inserted
to be substituted therefor.
[0011] Describing the surgical method with reference
to the eye structure illustrated in FIG. 1, an incision with
a width of about 2 to 3 mm is made in the cornea (10),
an incision tool is inserted through the incision area to
make an incision in a front surface of the crystalline lens
capsule, that is, the anterior capsule, and the crystalline
lens is fragmented using ultrasonic emulsification.
[0012] However, since this surgery requires inserting
an incision tool into a very narrow area and accurately
and neatly making a circular incision of an appropriate
size in the anterior capsule while not causing damage to
the cornea, iris, and the like that are near the anterior
capsule, the level of difficulty of the surgery is very high.
Development of various electrosurgical tools is being at-
tempted to address such surgical difficulty, but a structure
of an incision electrode that is efficient and capable of
making an incision only in a desired area without causing
damage to surrounding tissue or an applied voltage suit-
able for the structure has not been developed.

SUMMARY OF THE INVENTION

[0013] The present disclosure is directed to providing
a surgical apparatus having a cutting electrode structure
for an efficient incision in tissue.
[0014] The present disclosure is also directed to pro-
viding an electrosurgical apparatus having excellent in-
cision quality due to, while an incision is being made in
a tissue, minimizing an influence on a surrounding tissue
and concentrating electrical energy only to an area re-
quiring an incision through the form of an incision elec-
trode and/or control of an applied voltage.
[0015] The present disclosure is also directed to pro-
viding a surgical apparatus having an incision electrode
structure that is capable of symmetrically distributing de-
formation during elastic deformation and making a circu-
lar incision without any radial defects in a direction toward
a neck part.
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[0016] A capsulotomy apparatus according to an em-
bodiment of the present disclosure, which is an apparatus
inserted into an incision site of the cornea to make an
incision in the anterior capsule that surrounds the crys-
talline lens, includes an electrode part that is formed in
the shape of a loop and configured to be inserted into an
incision site of the cornea to make a circular incision in
the anterior capsule located below the cornea.
[0017] The electrode part may be formed by a wire
rope made by twisting a plurality of strands, and the wire
rope may have pitches at predetermined intervals.
[0018] The capsulotomy apparatus may further include
a generator electrically connected to the electrode part
to apply an electric pulse for capsulotomy. The electric
pulse may consist of a first pulse group and a second
pulse group, and the first and second pulse groups may
each include a plurality of mini-pulses.
[0019] A peak voltage of the second pulse group may
be 2.5 times to 3 times a peak voltage of the first pulse
group.
[0020] The wire rope may form the loop-shaped elec-
trode part and a neck part that extends from one area of
the electrode part, the neck part may extend as portions
of the wire rope at both ends of the electrode part come
into contact in a straight form, and an outer surface of
the neck part may be coated with an insulating layer.
[0021] The neck part formed by one area of the wire
rope may have one end connected to the electrode part
and the other end branched to form a leg part, and the
leg part may be fixed and coupled to a moving member.
[0022] The electrode part may include an electrode
made of an electrically conductive material and an insu-
lating layer coated on an outer surface of the electrode,
and the insulating layer may be formed on upper and
side surfaces of the electrode.
[0023] The insulating layer on the side surface of the
electrode may extend downward so that a bottom surface
of the electrode that is not coated may, when applied to
face a biological tissue, be disposed to be spaced a pre-
determined distance apart from the tissue.
[0024] A surgical apparatus for making an incision in
a biological tissue according to another aspect of the
present disclosure includes a hand piece including a
loop-shaped electrode part and a generator configured
to transmit electrical energy to the electrode part.
[0025] The generator may apply electric-field pulse
waveforms made of two consecutive pulse groups to the
electrode part.
[0026] The two consecutive pulse groups may include
a first pulse group and a second pulse group, each pulse
group may include mini-pulses, a peak voltage of the first
pulse group may be less than a peak voltage of the sec-
ond pulse group, and a duration of the first pulse group
may be longer than a duration of the second pulse group.
[0027] The electrode part may be formed in the shape
of a loop and may have pitches formed at predetermined
intervals along the loop.
[0028] The electrode part may include a loop-shaped

conductor electrode and an insulating layer coated on
the conductor electrode, and the insulating layer may ex-
tend by as much as a predetermined length around a
non-coated area formed at one side of the conductor
electrode.
[0029] According to another aspect of the present dis-
closure, in a surgical apparatus having an electrode part,
the electrode part includes an electrode made of an elec-
trically conductive material and an insulating layer coated
on an outer surface of the electrode.
[0030] The insulating layer may be formed on an en-
tirety of the outer surface of the electrode except for a
non-coated area of the electrode, and the insulating layer
may extend around the non-coated area of the electrode
so that the non-coated area forms a space having an
open outer side. More specifically, the insulating layer
may extend around the non-coated area of the electrode
to form both sidewalls of the non-coated area and form
a space having one open surface.
[0031] According to another aspect of the present dis-
closure, a method of applying electrical energy com-
posed of radiofrequency (RF) pulses to a probe electrode
of an incision apparatus by using a generator configured
to supply electrical energy includes applying a first pulse
group and applying a second pulse group.
[0032] The total duration of application of the first pulse
group and the second pulse group may be in a range of
1 ms to 200 ms, and a duration of the second pulse group
may be 1/4 to 2/3 of a duration of the first pulse group.
[0033] The first pulse group and the second pulse
group may each include RF mini-pulses, and a voltage
amplitude of the first pulse group may be less than or
equal to 60%, or more specifically, in a range of 10% to
60%, of a voltage amplitude of the second pulse group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objects, features and ad-
vantages of the present disclosure will become more ap-
parent to those of ordinary skill in the art by describing
exemplary embodiments thereof in detail with reference
to the accompanying drawings, in which:

FIG. 1 is a view schematically illustrating the struc-
ture of a human eye (1);
FIG. 2 is a schematic perspective view of a hand
piece (100) and a generator (200) configured to sup-
ply an electric pulse to the hand piece (100) of a
surgical apparatus according to an embodiment of
the present disclosure;
FIG. 3 shows a cross-section of a loop-shaped elec-
trode part (110) of the hand piece (100) and an en-
larged perspective view of a portion of a side surface
of the electrode part (110) of the surgical apparatus
according to an embodiment of the present disclo-
sure;
FIG. 4 is a structural diagram illustrating various
cross-sections of a wire rope forming the loop-
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shaped electrode part (110) according to an embod-
iment of the present disclosure;
FIG. 5 shows a picture and a conceptual diagram for
describing a twisting structure of strands constituting
the wire rope forming the loop-shaped electrode part
(110) according to an embodiment of the present
disclosure;
FIG. 6 is a graph showing an incision by the loop-
shaped electrode part (110) having pitch spots ac-
cording to an embodiment of the present disclosure;
FIG. 7 shows a top view and longitudinal cross-sec-
tional views of a structure of a loop-shaped electrode
part (110) according to another embodiment of the
present disclosure;
FIG. 8 is a view schematically illustrating longitudinal
cross-sections of the loop-shaped electrode part
(110) and the production and discharge of cavitation
bubbles in a biological fluid environment at lower por-
tions of the longitudinal cross-sections according to
another embodiment of the present disclosure;
FIG. 9 is a view schematically illustrating a structure
of a loop-shaped electrode part (110), a neck part
(115), a leg part (116), and a moving member (120)
according to still another embodiment of the present
disclosure;
FIG. 10 is an electrical block diagram of the entire
system including a generator (200), the electrode
part (110), a tissue, and a counter-electrode plate
according to another embodiment of the present dis-
closure;
FIG. 11 is a graph showing a first embodiment of
pulse waveforms applied to the electrode part (110)
by the generator (200) of the present disclosure; and
FIG. 12 is a graph showing various pulse waveforms
applied to the electrode part (110) by the generator
(200) of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0035] Hereinafter, a surgical apparatus and a method
of applying an electric field thereto according to an em-
bodiment of the present disclosure will be described with
reference to the accompanying drawings. In this process,
thicknesses of lines, sizes of elements, or the like that
are illustrated in the drawings may have been exagger-
ated for clarity and convenience of description. Also, the
terms used herein are terms defined in consideration of
functions in the present disclosure and may vary accord-
ing to an intention or practice of a user or an operator.
Therefore, the terms should be defined on the basis of
the content throughout the specification.
[0036] Also, in describing the embodiments of the
present disclosure, when detailed description of a known
related configuration or function is deemed to hinder the
understanding of the embodiments of the present disclo-
sure, the detailed description thereof will be omitted. In
addition, although the embodiments of the present dis-

closure will be described below, the technical idea of the
present disclosure is not limited thereto, and the embod-
iments may be modified and embodied in various other
ways by those of ordinary skill in the art.
[0037] Throughout the specification, when a certain
part is described as being "connected" to another part,
this not only includes a case in which the certain part is
"directly connected" to the other part but also includes a
case in which the certain part is "indirectly connected" to
the other part while another element is present therebe-
tween. Throughout the specification, when a certain part
is described as "including" a certain element, unless par-
ticularly stated otherwise, this indicates that the certain
part may further include another element instead of ex-
cluding another element. In addition, in describing ele-
ments of the embodiments of the present disclosure,
terms such as first, second, A, B, (a), and (b) may be
used. Such terms are only used to distinguish one ele-
ment from another element, and the essence, order, se-
quence, or the like of the corresponding element is not
limited by the terms.
[0038] Generally, an electrosurgical apparatus in-
cludes a hand piece and a generator configured to supply
electrical energy to the hand piece.
[0039] Since the best mode of the present disclosure
is implemented as a capsulotomy apparatus for cataract
surgery, hereinafter, a capsulotomy apparatus will be de-
scribed for convenience of description. However, the de-
scription does not limit the surgical apparatus of the
present disclosure to the capsulotomy apparatus, and
the following configurations may also be applied to other
ophthalmic surgical apparatuses or surgical apparatuses
for making an incision in human or animal tissue.
[0040] Referring to FIG. 2, a capsulotomy apparatus
according to an embodiment of the present disclosure
includes a hand piece 100 and a generator 200 electri-
cally connected to an electrode part 110 of the hand piece
100 to supply electrical energy, e.g., radiofrequency (RF)
pulses, thereto.
[0041] The hand piece 100 is an apparatus having a
front end inserted into an incision site of a cornea 10 to
make an incision in a crystalline lens capsule 30 sur-
rounding a crystalline lens 20. The hand piece 100 may
have the shape of a pen as a whole to be easily gripped
by a user and to facilitate surgery. The hand piece 100
may include the electrode part 110 having the shape of
a loop, a neck part 115 having one end connected to the
loop-shaped electrode part 110, a moving member 120
connected to the other end of the neck part 115, a guide
portion 130 having a nozzle-type insertion part, a body
140, and a sliding button 150.
[0042] According to an embodiment of FIG. 2 of the
present disclosure, the electrode part 110 formed in the
shape of a closed loop has elasticity and conductivity,
and both ends of the loop forming the electrode come
into contact with each other at one area of the electrode
and extend in a radial direction outward from the elec-
trode to form the neck part 115. Therefore, one end of
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the neck part 115 is connected to the electrode part 110
having a circular shape, and the other end of the neck
part 115 is fixed and coupled to the moving member 120.
[0043] The guide portion 130 including a nozzle-type
insertion part at a front end is configured so that, while
an incision is being made in the crystalline lens capsule,
at least a portion of the insertion part at the front end is
inserted into the incision site of the cornea. The body 140
is coupled to a rear end of the guide portion 130.
[0044] The loop-shaped electrode part 110 is config-
ured to be stored at the rear of the guide portion 130 or
in the body 140 and to slide in the body together with the
moving member to pass through the insertion part and
be unfolded into an anterior chamber of the eye in order
to make an incision in the crystalline lens capsule.
[0045] The sliding button 150 disposed at one side of
the body 140 is configured to be connected to the moving
member 120 to slide the moving member 120 and the
electrode part 110. For example, the moving member
120 and the electrode part 110 may slide due to manip-
ulation of the sliding button 150 which is able to slide
back and forth along a slot formed in the body 140.
[0046] In this way, the loop-shaped electrode part 110
may be configured to be inserted into the incision site of
the cornea 10 and make a circular incision in the anterior
capsule, which is disposed below the cornea 10, using
resistive heat or a plasma stream.
[0047] When an RF electric field supplied from the gen-
erator 200 is applied to the loop-shaped electrode part
110, energy is transmitted to an electrolyte of the crys-
talline lens capsule 30 that comes into contact with the
loop-shaped electrode part 110, and resistive heat and/or
plasma is generated. This process causes the tissue of
the anterior capsule to be heated or degenerated. By
applying electrical energy in a still state in which the elec-
trode is disposed at an appropriate position on the ante-
rior capsule, a circular incision may be made within a
short time.
[0048] The generator is electrically connected to the
moving member 120 which is made of a conductor, and
thus high-frequency power is transmitted to the conduc-
tive loop-shaped electrode part 110 connected to the
moving member.
[0049] Meanwhile, the loop-shaped electrode part 110
should be unfolded again and restored to its original cir-
cular shape after being deformed due to passing through
the guide portion 130 including the nozzle-type insertion
part. Thus, the loop-shaped electrode part 110 should
have elasticity and a restoration force.
[0050] Referring to FIG. 3, the loop-shaped electrode
part 110 and the neck part 115 are formed using a wire
rope made of a plurality of metal element wires or metal
strands twisted together. The wire rope has a structure
in which a plurality of strands are twisted together. For
example, the wire rope may have a structure in which a
plurality of strands are twisted together at an outer side
of a rope core disposed at the center.
[0051] Referring to FIG. 4, various cross-sections of

the wire rope forming the loop-shaped electrode part 110
are shown. From the left side of FIG. 4, a 133 structure
in which three strands constitute a single wire rope, a
137 structure in which seven strands are twisted togeth-
er to constitute a single wire rope, a 1319 structure, and
a 1337 structure are sequentially disclosed.
[0052] According to an embodiment of the present dis-
closure, a wire rope having the 137 structure forms the
loop-shaped electrode, but a wire rope having another
structure may also be used. Meanwhile, each strand may
have a structure in which element wires of the same di-
ameter or different diameters are twisted in a single layer
or multiple layers, but may also be made of a single wire.
[0053] The structure of the wire rope made of a plurality
of conductive metal strands twisted together has higher
elasticity and restoration force as compared to a wire
made of a single strand. Thus, the electrode part formed
using the wire rope that passes through the nozzle-type
insertion part has an excellent restoration force.
[0054] FIG. 5A is a picture of an exterior of the wire
rope made of a plurality of strands twisted together, and
FIG. 5B is a conceptual diagram showing a twisting struc-
ture of each strand from a lateral end.
[0055] According to an embodiment of the present dis-
closure, the cutting electrode part 110 has the form of a
wire rope electrode having a circular transverse cross-
section as a whole. A material of the wire rope electrode
may be any suitable conductor such as a metal or an
alloy made of stainless steel, tungsten, titanium, and mo-
lybdenum. The wire rope has the 137 structure and a
lay pitch of 1.14 mm.
[0056] When the electrode part 110 made of the wire
rope is unfolded into the anterior chamber of the eye and
disposed at an upper portion of the anterior capsule, a
lower portion of the wire rope is partially dipped in a bi-
ological electrolytic solution. Here, the wire rope elec-
trode having pitches at predetermined intervals due to
the strands being twisted together is placed close to the
tissue, and then the generator is operated to apply an
electric field thereto.
[0057] Describing the structure of the strands and the
wire rope in detail with reference to FIG. 5B, a k=0 strand
recovers its original phase while moving a distance of a
lay pitch L. That is, the k=0 strand rotates 360° while
moving the distance L horizontally. The same applies for
other strands k=1, k=2, k=3, k=4, and k=5.
[0058] According to an embodiment of the present dis-
closure illustrated in FIG. 5, since the lay pitch L of the
wire rope is 1.14 mm and a total of six strands except for
a core strand are twisted together, a spot interval Xp is
0.19 mm (=1.14/6). Due to the twisting of the strands
forming the wire rope electrode, a tissue adjacent to the
loop-shaped electrode part 110, specifically, a relative
distance between an area of a tissue and an area of the
electrode that faces the area of the tissue, regularly
changes. That is, the circular electrode is configured to
have regular pitches like valleys and ridges.
[0059] Here, each of pitch spots is a region of the elec-
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trode part wherein a distance from the region to the facing
area of the tissue is the shortest. A plurality of pitch spots
are disposed at predetermined intervals due to regular
twisting of the strands, and an interval between the spots
is the pitch spot interval Xp.
[0060] In the capsulotomy apparatus, when the wire
rope electrode is disposed at an upper portion of the an-
terior capsule, pitch spots are arranged at predetermined
intervals on a bottom surface of the circular electrode,
and a distance from the anterior capsule therebelow also
regularly changes accordingly.
[0061] When an appropriate electric field (which will be
described below) is applied, incision bubbles are formed
around the pitch spots, which are formed due to twisting
of the strands, and an incision is performed at predeter-
mined spot intervals.
[0062] For example, when the circular electrode has a
diameter of 5 mm, the overall length (circumference) of
the circular electrode is 15.7 mm (5 mm33.14), and the
total number of spots is 82.6 ((15.7/1.14)36 = 13.7736).
[0063] FIG. 6 is a graph showing an incision form pro-
duced due to the loop-shaped electrode part having a
spot pitch of 0.19 mm. The horizontal axis indicates a
distance along the circumference of the circular elec-
trode, and the vertical axis indicates a vertical height of
the tissue. Here, an incision bubble area formed around
the pitch spot of 0.19 mm is shown with bold lines. A
vertical amplitude of the incision bubble area is 100 mm,
which can be seen as an incision diameter. Here, when
incision bubbles produced downward are produced to
have a size of about 100 mm, an entire incision surface
is formed.
[0064] In this way, by applying electric pulses to the
loop-shaped electrode part, in which pitch spots are
formed at predetermined intervals, and forming incision
bubbles around the spots of the electrode, it is possible
to improve energy efficiency and make a completely cir-
cular incision in the anterior capsule within a short time
while minimizing damage.
[0065] Meanwhile, a pitch multiple is defined as (lay
pitch of wire rope)/(diameter of wire rope), and a typical
wire rope has a pitch multiple in a range of 5 to 8. For
elastic restoration of the wire rope passing through the
insertion part, the larger the pitch multiple of the wire
rope, the better. However, when the pitch multiple is
large, the above-described pitches may be eliminated,
and an incision may not be made efficiently. The inven-
tors of the present disclosure have found out that setting
the pitch multiple of the wire rope to be in a range of 8 to
12 is desirable for securing elasticity and restorability
while allowing an efficient incision in tissue.
[0066] In this way, the circular cutting electrode of the
present disclosure has regular pitch spots and thus is
able to make an incision in a tissue efficiently and safely
through forming cavitation bubbles around the spots. Ac-
cording to the embodiment of the present disclosure, the
pitches of the circular cutting electrode are due to the
wire rope structure made of a plurality of strands being

twisted together, but the present disclosure is not limited
thereto, and even when the electrode is made of a single-
strand wire, a method such as coating may allow the
electrode to have a pitch structure.
[0067] Hereinafter, still another embodiment of the
present disclosure will be described with reference to
FIG. 7. The configuration of this embodiment of the
present disclosure may be applied to the electrode part
110 formed using the wire rope made of the plurality of
strands of FIGS. 3 to 5, but the present disclosure is not
limited thereto, and the configuration of this embodiment
may also be applied to any other form of cutting electrode
part 110.
[0068] According to FIG. 7, a loop-shaped electrode
part 110 is made of a stainless steel wire rope. The cutting
electrode part 110 includes an electrode 111 made of an
electrically conductive material and an insulating layer
112 coated on the electrode. The electrode 111 may be
a wire rope made of a plurality of strands twisted together
but is not limited thereto and may also be a single-strand
wire.
[0069] Here, the electrode 111 forming the loop-
shaped electrode part is coated with the insulating layer
112 made of an electrically insulating material. The insu-
lating layer may be made of any material providing elec-
trical insulation, such as Teflon and polyamide, or a com-
bination thereof.
[0070] When the electrode part is applied to a biolog-
ical tissue in which an incision is to be made, that is,
applied on the anterior capsule, a bottom surface of the
insulating layer may come into contact with the anterior
capsule, and a bottom surface of the electrode, which is
a non-coated area, may be spaced a predetermined dis-
tance apart from an upper surface of the anterior capsule.
Various embodiments therefor are disclosed in FIGS. 7
and 8.
[0071] FIG. 7A is a top view of the loop-shaped elec-
trode part 110, and FIGS. 7B and 7C are two embodi-
ments of a cross-sectional view taken along line A-A of
FIG. 7A. As in the case of FIG. 3, the electrode part 110
and the neck part 115 are made of a single wire rope in
which both ends of the electrode part 110 extend from
one area of the wire rope toward the outside of the circular
loop and come into contact with each other to form the
neck part, and an area between both ends of the elec-
trode part 110 forms a circular loop.
[0072] The electrode part 110 includes the conductive
electrode 111 and the insulating layer 112 coated on the
circumference of the electrode, wherein the insulating
layer 112 is coated on the electrode 111 except for one
area (bottom surface) of the electrode 111.
[0073] As illustrated in FIG. 7, the insulating layer 112
extends a predetermined length around a non-coated ar-
ea of the electrode 111 or is coated with a predetermined
thickness on both sides of the non-coated area to prevent
direct contact between the bottom portion, which is the
non-coated area, of the electrode 111 and the biological
tissue.
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[0074] The insulating layer 112 formed on an outer sur-
face of the cutting electrode 111 to which an electric pulse
is applied extends from both sides of the non-coated area
so that the non-coated area is spaced apart from the
biological tissue, in which an incision is to be made, when
facing the biological tissue.
[0075] Therefore, when the electrode part 110 of the
capsulotomy apparatus is disposed on the anterior cap-
sule, the non-coated area at the lower portion that is
formed in a circular shape along the bottom surface of
the loop is disposed to face the anterior capsule, and due
to the insulating layer 112, the non-coated area is spaced
apart from the tissue of the anterior capsule, and a space
114 is formed therebetween.
[0076] When the electrode part 110 having the struc-
ture illustrated in FIG. 7 is disposed at the anterior cap-
sule, the space 114 at the lower portion is filled with a
biological electrolyte, but the tissue of the anterior cap-
sule does not come in direct contact with the electrode
111.
[0077] FIG. 8 schematically illustrates plasma devel-
opment due to production and discharge of cavitation
bubbles. Referring to FIG. 8, when RF pulses or other
electric fields are applied to the electrode 111, the space
facilitates plasma development due to production and
discharge of cavitation bubbles. Simultaneously, resis-
tive heat and/or plasma production and an ion movement
direction are concentrated downward, that is, in a direc-
tion in which the insulating layer disposed at both sides
of the non-coated area extends.
[0078] As a comparative example, when only the upper
surface and both side surfaces are coated but the insu-
lating layer does not extend while a non-coated area par-
tially remains at the lower portion, the coating layer does
not cause a separation space to be formed between the
non-coated area and the tissue. Thus, the production and
discharge of cavitation bubbles is not effective, and fur-
ther, since electrical energy spreads in a radial direction
from an area of the electrode that comes into contact with
the tissue, energy for effective incision is not able to be
concentrated to a desired area.
[0079] On the other hand, the electrode 111 of the
present disclosure may be any electrode having a narrow
exposed area. Thus, vaporization and ionization may ef-
ficiently occur around an exposed surface at the lower
portion of the electrode.
[0080] This causes current to flow in surrounding tis-
sue, and thus it is possible to prevent unnecessary tissue
damage and degradation of incision quality that may oc-
cur due to the spread of resistive heat or plasma. Further,
it is possible to obtain excellent incision quality by apply-
ing only an optimal amount of electrical energy to produce
plasma and concentrate a stream in a desired direction.
[0081] In FIG. 7, the neck part 115 is for mechanical
and electrical connection between the moving member
120 and the electrode part. The wire ropes extending
from both ends of the loop come into contact with each
other at the electrode part and extend outward in a

straight line. Here, the circular electrode part 110, the
neck part 115, and the moving member may be disposed
to be coplanar.
[0082] The neck part 115 is configured so that both
end portions 115a of the wire rope that form the loop-
shaped electrode 111 are adhered to each other or come
into contact with each other, and an insulating layer 115b
completely surrounds the outer circumference of the
neck part 115. In particular, a portion of the neck part 115
that is connected to the electrode part may be fully coat-
ed. This is to prevent an electric field from being applied
to an undesired tissue while electrical energy is being
supplied to the electrode part.
[0083] Meanwhile, according to yet another embodi-
ment of the present disclosure illustrated in FIG. 9, a hand
piece includes a loop-shaped electrode part 110, a neck
part 115 which extends from the electrode part to support
the electrode part, and a leg part 116.
[0084] The electrode part 110, the neck part 115, and
the leg part 116 are integrally formed by a single wire
rope. That is, the wire rope forms the electrode part 110
having the shape of a closed loop, both side areas of the
wire rope that extend from one end of the electrode part
toward the outside of the electrode part 110 come into
contact with each other and extend in a straight line to
form the neck part 115, and two leg parts 116 are formed
by branching from the neck part 115. One side of the leg
part 116 is connected to the neck part 115, and the other
side of the leg part 116 is fixed and coupled to the moving
member 120.
[0085] The neck part serves as a rod that unfolds the
loop-shaped electrode part once the electrode part pass-
es through the nozzle-type insertion part, and the leg part
has an arch structure, in which a portion connected to
the neck part is the peak of the arch, to prevent bending
of the neck part. A pointed arch, a lancet arch, an ogee
arch, or the like may be applied as the arch structure.
Due to the arch structure, a deformation force on the neck
part and the loop-shaped electrode part when the elec-
trode part passes through the narrow insertion part is
symmetrically distributed, thus facilitating restoration to
the original circular shape.
[0086] Hereinafter, an electric pulse applied by the
generator of the present disclosure will be described with
reference to FIGS. 10 and 11. FIG. 10 is a block diagram
illustrating an electrical system including elements of the
generator, the electrode disposed at the anterior capsule
through the hand piece, and a counter-electrode plate
that comes into contact with another part of the body.
The generator 200 is connected to the electrode part 110
and the counter-electrode plate (return electrode).
[0087] The generator has an RF signal generator for
generating a voltage to be applied between the electrode
part and the counter-electrode plate (return electrode).
As will be described below, the generator has a pulse
controller for controlling a electric pulse according to a
predefined modulation format (pulse system or pulse
waveform).
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[0088] Pulse control includes duration control for ad-
justing pulse power, a pulse duration, and a pulse inter-
val. When a pulse waveform is applied to the electrode
part, a thin layer of plasma may be formed around the
circular cutting part. Using power, a voltage is applied to
the electrode disposed in the electrolytic solution to form
plasma bubbles in a circumferential direction of the elec-
trode, and the bubbles come into contact with the tissue
of the anterior tissue to cause discharge toward the inside
of the bubbles so that the tissue of the anterior capsule
is cut in the circumferential direction of the loop-shaped
electrode part.
[0089] FIG. 11 illustrates a first embodiment of electric-
field waveforms generated by the generator. The graph
shown in FIG. 11 has been rotated 90°. The horizontal
axis indicates the strength of the electric field while the
vertical axis indicates time.
[0090] Electric-field waveforms according to an em-
bodiment of the present disclosure may consist of two
consecutive pulse groups and, to make an incision in the
anterior capsule, may be applied to the electrode part of
the hand piece that has any one of the structures illus-
trated in FIGS. 2 to 9 or a combined structure thereof to
make an incision in the anterior capsule within a short
time. An incision is made in the anterior capsule by only
using two continuous square pulses without requiring ad-
ditional pulse waveforms for making an incision in the
anterior capsule.
[0091] Referring to FIG. 11, the first embodiment of the
pulse waveforms of the present disclosure consists of a
first pulse group and a second pulse group. A first pulse
group P1A lasts for a first time, and a second pulse group
P1B lasts for a second time. The first time is longer than
the second time, and in an embodiment, the first time
and the second time have a ratio of 7:3. In another em-
bodiment, the ratio may be 2:1, 3:1, 3:2, 4:3, 5:2, 5:3,
5:4, 7:2, and 7:4. Preferably, the first time/second time
may be in a range of 1.2 to 3.5.
[0092] The first pulse group P1A and the second pulse
group P1B both have continuous mini-pulses therein, and
the mini-pulses may be sine waves or square waves hav-
ing a frequency in a range of 10 MHz to 400 MHz. The
mini-pulses have a frequency of, for example, 2 MHz or
5 MHz. Also, the first pulse group P1A has a higher peak
voltage than the second pulse group P1B. In the embod-
iment of FIG. 11, the second pulse group P1B has a volt-
age that is about 2.8 times higher than the first pulse
group P1A.
[0093] A primary voltage value VpplA of the first pulse
group and a secondary voltage value VpplB of the second
pulse group P1B are adjusted by the RF signal generator
and a power amplifier.
[0094] As an example of the present embodiment, the
primary voltage value VpplA may be 300 V, and the sec-
ondary voltage value VpplB may be 850 V. However, the
secondary voltage value Vpp1B may be 1 kV or higher
while the primary voltage value VpplA is 300 V.
[0095] Here, the pulses of the first pulse group P1A

are pulses for supplying sufficient power until water mol-
ecules evaporate after being rapidly heated, and the puls-
es of the second pulse group P1B are pulses for sup-
pressing Joule heat when an incision occurs due to va-
porization and plasma discharge so that a temperature
increase of tissue of the patient’s eye is suppressed.
[0096] The first pulse group P1A may have continuous
pulses or a plurality of waveforms formed into pulses,
and the second pulse group P1B is a plurality of wave-
forms formed into pulses.
[0097] With regards to pulse waveforms illustrated in
FIG. 12, as described above, the time during which a
voltage (y-axis) is applied to the incision electrode part
is in a range of 1 ms to 200 ms (x-axis). For example,
the time may be 50 ms, 60 ms, 70 ms, 80 ms, 90 ms,
and 100 ms. In this way, by applying voltages having the
illustrated pulse waveforms, Joule heat occurs at the in-
cision electrode, and water molecules present in the vi-
cinity of the incision electrode are rapidly heated and then
evaporated. In an aqueous humor, evaporation bubbles
are formed around the incision electrode. By this, circular
evaporation bubbles are formed in the circumferential
direction of the incision electrode.
[0098] When the evaporation bubbles formed as
above come into contact with the incision electrode, high
voltage is also applied to the inside of the evaporation
bubbles, and plasma is formed. In this way, the evapo-
ration bubbles that contain plasma are formed in the cir-
cumferential direction of the circular cutting electrode.
[0099] Also, the evaporation bubbles come into con-
tact with the anterior capsule. Also, through a plasma
layer inside the evaporation bubbles, current flows from
the cutting electrode to the return electrode, and dis-
charge (hereinafter referred to as "plasma discharge")
occurs inside the evaporation bubbles.
[0100] In this way, since the evaporation bubbles are
brought into contact with the anterior capsule and plasma
discharge occurs inside the evaporation bubbles, a large
amount of current instantaneously flows locally in the
evaporation bubbles. As a result, a portion of the anterior
capsule, which comes into contact with the circular evap-
oration bubbles in which plasma discharge occurs, evap-
orates and thus a circular incision is made in the anterior
capsule. In this way, in the present embodiment, a circu-
lar incision is made in the anterior capsule in the circum-
ferential direction of the incision electrode. In this proc-
ess, the pulses of the first pulse group P1A are pulses
for supplying sufficient power until water molecules evap-
orate after being rapidly heated, and the pulses of the
second pulse group P1B are pulses for suppressing
Joule heat when an incision occurs due to vaporization
and plasma discharge so that a temperature increase of
the patient’s eye is suppressed.
[0101] FIG. 12 illustrates various modified examples
of applied pulses. The first pulse group may include a
plurality of sub-pulse groups or may be a single pulse
group. The second pulse group includes a plurality of
sub-pulse groups. In this case, each sub-pulse group in-
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cludes RF mini-pulses. Meanwhile, as illustrated in FIG.
12, the plurality of sub-pulse groups may be square
waves to which a voltage is not applied after being applied
for a predetermined amount of time.
[0102] A surgical apparatus according to one aspect
of the present disclosure has high efficiency and concen-
trates energy only to a desired area and only in a desired
direction, thus having excellent tissue incision quality and
facilitating control.
[0103] According to another aspect of the present dis-
closure, by distributing a deformation force, it is possible
to make a completely circular incision while securing an
excellent restoration force.
[0104] According to still another aspect of the present
disclosure, it is possible to make an incision while mini-
mizing damage to surrounding tissue.

[Industrial Applicability]

[0105] The apparatus of the present disclosure is a sur-
gical apparatus for cataract surgery and can be widely
used in the field of medical equipment.

Claims

1. A capsulotomy apparatus for being inserted into an
incision site of a cornea and making an incision in
an anterior capsule covering a crystalline lens, the
capsulotomy apparatus comprising:

a circular loop-shaped electrode part configured
to be inserted into the incision site of the cornea
to make a circular incision in the anterior capsule
located below the cornea,
wherein the electrode part is formed by a wire
rope made by twisting a plurality of strands, and
the wire rope has pitches at predetermined in-
tervals.

2. The capsulotomy apparatus of claim 1, further com-
prising a generator electrically connected to the elec-
trode part to apply an electric pulse for capsulotomy,

wherein the electric pulse consists of a first pulse
group and a second pulse group, and the first
and second pulse groups each include a plurality
of mini-pulses, and
a peak voltage of the second pulse group is 2.5
times to 3 times a peak voltage of the first pulse
group.

3. The capsulotomy apparatus of claim 1, wherein:

the wire rope forms the electrode part of a cir-
cular loop shape and a neck part that extends
from one area of the electrode part; and
the neck part extends as portions of the wire

rope at both ends of the electrode part come into
contact in a straight form, and an insulating layer
is formed on an outer surface of the neck part.

4. The capsulotomy apparatus of claim 3, wherein the
neck part formed by one area of the wire rope has
one end connected to the electrode part and the oth-
er end branched to form a leg part, and the leg part
is fixed and coupled to a moving member.

5. The capsulotomy apparatus of claim 1, wherein:

the electrode part includes an electrode made
of an electrically conductive material and an in-
sulating layer coated on an outer surface of the
electrode; and
the insulating layer is formed on upper and side
surfaces of the electrode so that, when the elec-
trode part is applied to face a biological tissue
in which an incision is to be made, a bottom sur-
face of the insulating layer comes into contact
with the biological tissue while a bottom surface
of the electrode that is not coated is spaced a
predetermined distance apart from the tissue.

6. A surgical apparatus for making an incision in a bi-
ological tissue, the surgical apparatus comprising:

a hand piece including a loop-shaped electrode
part; and
a generator configured to transmit electrical en-
ergy to the electrode part,
wherein the generator applies electric pulse
wave made of two consecutive pulse groups to
the electrode part, and
the two consecutive pulse groups include a first
pulse group and a second pulse group, each
pulse group includes mini-pulses, a peak volt-
age of the first pulse group is less than a peak
voltage of the second pulse group, and a dura-
tion of the first pulse group is longer than a du-
ration of the second pulse group.

7. The surgical apparatus of claim 6, wherein the elec-
trode part is formed in the shape of a loop and has
pitches formed at predetermined intervals along the
loop.

8. The surgical apparatus of claim 6, wherein:

the electrode part includes a loop-shaped con-
ductor electrode and an insulating layer coated
on the conductor electrode; and
the insulating layer extends by as much as a
predetermined length around a non-coated area
formed at one side of the conductor electrode.

9. A surgical apparatus having an electrode part,
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wherein:

the electrode part includes an electrode made
of an electrically conductive material and an in-
sulating layer coated on an outer surface of the
electrode;
the insulating layer is formed on an entirety of
the outer surface of the electrode except for a
non-coated area of the electrode; and
the insulating layer extends around the non-
coated area of the electrode to form both side-
walls of the non-coated area and form a space
having one open surface.

10. A method of applying electrical energy composed of
radiofrequency (RF) pulses to a probe electrode of
an incision apparatus by using a generator config-
ured to supply electrical energy, the method com-
prising:

applying a first pulse group; and
applying a second pulse group,
wherein the total duration of application of the
first pulse group and the second pulse group is
in a range of 1 ms to 200 ms,
a duration of the second pulse group is 1/4 to
2/3 of a duration of the first pulse group,
the first pulse group and the second pulse group
each include RF mini-pulses,
and
a voltage amplitude of the first pulse group is
less than or equal to 60% of a voltage amplitude
of the second pulse group.

17 18 



EP 4 074 293 A2

11



EP 4 074 293 A2

12



EP 4 074 293 A2

13



EP 4 074 293 A2

14



EP 4 074 293 A2

15



EP 4 074 293 A2

16



EP 4 074 293 A2

17



EP 4 074 293 A2

18



EP 4 074 293 A2

19



EP 4 074 293 A2

20



EP 4 074 293 A2

21



EP 4 074 293 A2

22

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5088997 A [0004]
• US 6352535 B [0005]
• US 6364877 B [0005]

• US 5697090 A [0005]
• US 5766153 A [0005]


	bibliography
	abstract
	description
	claims
	drawings
	cited references

